Seven species of dsRNA were isolated from Nicotiana clevelandii plants infected with tomato bushy stunt virus (TBSV). One of these had a length of 4.8 kilobase pairs (kbp), corresponding to the replicative form dsRNA of TBSV genomic ssRNA; the other six were subgenomic RNA with lengths ranging from 3.3 to 0.44 kbp. Analyses of total and polysomal ssRNA from TBSV-infected tissue by gel transfer hybridization with eDNA probes prepared from genomic TBSV RNA revealed genomic RNA and nine shorter species of ssRNA. Six of the latter were shown to be artefacts probably attributable to the interaction between fragments of TBSV RNA and plant RNA. The remaining three had lengths of 1.8, 1.5 and 1.1 kbp and, since they were found in polysome preparations, may be TBSV subgenomic mRNA species; none of these corresponded exactly in length to any of the subgenomic dsRNA.
Tomato bushy stunt virus (TBSV) is the type member of the tombusvirus group. It has a genome ofssRNA with a mol. wt. of 1.65 x 106 [4.8 kilobases (kb)] and isometric particles about 30 nm in diameter with a capsid composed of one polypeptide species, mol. wt. 41000 (Matthews, 1982) . Although the structure of TBSV particles has been studied in detail (Harrison et al., 1978) , comparatively little is known about the replicative strategy or the mode of expression of the virus genes. Henriques & Morris (1979) isolated two species of dsRNA from TBSV-infected plants with mol. wt. of 3.2 x 106 [4.7 kilobase pairs (kbp)] and 1.5 x 106 (2.2 kbp). The former was considered to be the replicative form (RE) of TBSV genomic RNA, and the latter to represent the RF of a subgenomic fragment of TBSV RNA with a postulated mol. wt. of 0.75 x 106 (2.2 kb). We report here the isolation of six species of subgenomic dsRNA and three species of subgenomic ssRNA from TBSV-infected plants, and present evidence which indicates that mixtures of TBSV RNA and plant RNA can generate artefacts in Northern gel analysis using labelled eDNA probes.
Total RNA was isolated from either healthy Nicotiana clevelandii plants or, 10 days after manual inoculation, from TBSV-infected plants by an adaptation (Taylor & Powell, 1982) of the method of Murray & Thompson (1980) for isolation of plant DNA. At the final stage of the procedure RNA and DNA were separated by sedimentation of the RNA through a cushion of 5.7 M-CsC1. The ssRNA was precipitated in 2 M-LiC1 (Baltimore, 1966) , and dsRNA was recovered from the supernatant by ethanol precipitation. Polysomal RNA was obtained from infected plants by the method of Hari (1980) . TBSV genomic ssRNA was prepared as follows. Ten days after infection, leaves of N. clevelandii plants were homogenized (1 g/1.25 ml) in 50 mM-sodium phosphate buffer pH 7.8, containing 5 mM-MgC12, 1 mM-phenylmethylsulphonyl fluoride, 1 mM-EDTA and 0.1% 2-mercaptoethanol. After filtration through muslin and clarification by low-speed centrifugation the supernatant was stirred for 15 min with an equal volume of chloroform : n-butanol (1 : 1, v/v). After low-speed centrifugation the aqueous phase was centrifuged at 30000 r.p.m, for 75 min in a Beckman Ti45 rotor and the sedimented virus was resuspended in homogenization buffer. The 0022-1317/84/0000-6071 $02.00 © 1984 SGM virus was then further purified by centrifugation through linear gradients of 10 to 40~/o (w/v) sucrose in 50 raM-sodium phosphate buffer pH 7.8, at 27000 r.p.m, for 120 min in a Beckman SW28 rotor. Purified virus in 20 mM-Tris-HC1 pH 8.0 was made 1~o in SDS, and the solution was extracted sequentially with phenol, phenol:chloroform (1:1, v/v) and chloroform. RNA was recovered from the final aqueous phase by ethanol precipitation and then further purified by centrifugation through sucrose-formamide gradients (Paucha et al., 1978) . RNA recovered from the peak fractions by ethanol precipitation, migrated in agarose gels containing the denaturant 5 mM-methylmercuric hydroxide as a single band. Using tobacco mosaic virus RNA (6.4 kb) and Escherichia coli 23S (2.9 kb) and 16S (1.5 kb) RNAs as standards, the length of TBSV RNA was estimated to be 4.8 kb, which is similar to values determined in non-denaturing gel systems (Dome & Pinck, 1971 ; Henriques & Morris, 1979) .
Analysis of the dsRNA fraction from infected plants by PAGE as described by Buck & Ratti (1977) revealed seven components which ranged in size from 4.8 kbp to 0.44 kbp (Fig. 1 ). These were shown to be dsRNA by their resistance to S 1 nuclease and DNase I, and their sensitivity to RNase A, in conditions described by Hamilton et al. (1982) . The 4.8 kbp and 2.0 kbp components correspond to the dsRNA species described by Henriques & Morris (1979) , but the remaining five subgenomic dsRNA species have not been described previously. The dsRNA species of the same size were also isolated from TBSV-infected N. benthamiana plants, but none was found in uninfected plants. Hence, all the dsRNA species are probably virus-specific. Some, but not all, preparations also contained two slower migrating components (present in Fig. 1 ) which, because they were sensitive to S1 nuclease, probably correspond to the replicative intermediates described by Henriques & Morris (1979) .
To detect TBSV-specific subgenomic ssRNA, total ssRNA or polysomal RNA from infected plants was separated by agarose gel electrophoresis, transferred to a Gene-Screen membrane and hybridized to cDNA probes according to the protocol recommended by the manufacturer (New England Nuclear). Labelled cDNA probes were synthesized from TBSV genomic ssRNA template using reverse transcriptase, random oligonucleotide primers and [~-32p]dCTP as described by Bisaro & Siegel (1980) . To ensure the absence of cDNA to any contaminating traces of cellular RNA, the probe was prehybridized with an excess of RNA isolated from healthy plants, essentially as described by Otal & Hari (1983) . The Northern blot analysis (Fig.  2) showed that both total ssRNA (lane 4) and polysoma! RNA (lane 5) contained RNA with the mobility of TBSV genomic RNA (lane 1) and several smaller species which were not detected in RNA from healthy plants (lane 3). To establish whether these bands were due to specific cleavage ofTBSV genomic RNA during the extraction procedure, TBSV RNA was added to a homogenate of healthy N. elevelandiileaves and this and the cellular ssRNA were extracted. The absence of detectable amounts of subgenomic RNA species (lane 2) indicates that degradation of TBSV genomic RNA into specific fragments during extraction is unlikely to account for the relatively large amounts of subgenomic species detected in lanes 4 and 5.
To determine whether some of the ssRNAs detected on the Northern blot in Fig. 2 (lanes 3 and 4) correspond in size to TBSV dsRNAs (Fig. 1) , polysomal RNA and dsRNA were compared by electrophoresis in adjacent tracks in an agarose gel containing 10 mMmethylmercuric hydroxide, a concentration sufficient to denature dsRNA . RNA was then transferred to Gene-Screen and hybridized with TBSV cDNA as before. Four clear bands of denatured dsRNA were detected (Fig. 3, lanes 5 and 9) , the three largest of which (4.8, 2.0 and 0.79 kb) correspond in size to the 4.8, 2-0 and 0-84 kbp dsRNA species detected by ethidium bromide staining in non-denaturing polyacrylamide gels (Fig. 1) . The smallest (0.44 kb) corresponds in size to the smallest dsRNA detected in the polyacrylamide gel; however, because resolution in this size range is better in polyacrylamide gels than in agarose, it is possible that the three smallest dsRNA species detected in polyacrylamide gel were all in this one band. The 3.3 kbp dsRNA detected as a minor component on non-denaturing polyacrylamide gel could not be detected on the denaturing agarose gel, possibly because this molecule has one or more single-strand breaks in its (+) strand which are hidden in the native dsRNA. Whether or not the (-) strands of this or any of the dsRNAs were intact could not be established from this experiment because the cDNA probe detected only (+) strands of denatured dsRNA. However, the resistance of all the native d s R N A s (Fig. 1) to S1 nuclease implies that they are fully base-paired structures without single-stranded tails. It is noteworthy that, of the polysomal R N A s (Fig. 3, lanes 6 and 10) , only the genomic TBSV R N A clearly corresponds in size to a band of denatured d s R N A . No polysomal bands corresponding to the denatured subgenomic d s R N A s were detected except for a faint band at 2.0 kb which may be an artefact (see below). The Northern blot in Fig. 3 shows that several bands smaller than TBSV R N A were formed when TBSV genomic R N A was added to healthy plant R N A prior to electrophoresis (lanes 3 and 7); none of these was seen in healthy plant R N A alone (lane 2) or TBSV R N A alone (lane 1). Bands of this mobility detected in polysomal R N A (lanes 6 and 10) are therefore probably artefacts. Faint bands with the same mobility were also detected in healthy plant R N A alone with some TBSV c D N A probes that had not been prehybridized with healthy plant R N A (data not shown). The artefactual bands are therefore probably caused by interaction of fragments of TBSV R N A with plant R N A species. Isolated TBSV genomic R N A would be expected to contain only a small proportion of fragmented RNA, which may account for the low intensities of the artefactual bands relative to the genomic band in the reconstitution experiment (Fig. 3 , lane 3) and the failure to detect them in a similar experiment when the intensity of the TBSV genomic R N A band was much lower (Fig. 2, lane 2) . In contrast, total ssRNA and polysomal R N A from virus-infected plants gave rise to artefactual bands of relatively high intensity compared to the band of genomic R N A (Fig. 2 , lanes 4 and 5 ; Fig. 3 , lanes 6 and 10), implying a greater degree of R N A fragmentation. Since we showed that significant fragmentation of TBSV genomic R N A does not occur during extraction, it is likely that this fragmentation had occurred in vivo. Interestingly, in the reconstitution experiments the artefactual bands were more intense when plant R N A was mixed with TBSV dsRNA than with TBSV ssRNA (Fig. 3 , compare lanes 4 and 3). This could be because the dsRNA was prepared by LiCI fractionation and may have contained small ssRNA fragments soluble in LiC1. Recently, Palukaitis et al. (1983) and Dougherty (1983) have described the generation of artefactual bands following electrophoresis of mixtures of plant R N A with R N A from tobacco mosaic or tobacco etch viruses respectively.
The occurrence of such artefacts may be a general problem in the detection of subgenomic R N A of R N A plant viruses by Northern blotting analysis and it is clear that such assays need to be carefully controlled. Only three (1.8, 1.5 and 1.1 kb) of the species of polysomal R N A can be considered as possible TBSV subgenomic m R N A . In autoradiographs which were not overexposed (e.g. Fig. 3 , lane 6) TBSV genomic R N A and these three subgenomic R N A species were the major species detected. Confirmation of the identity of the latter as m R N A will require their isolation by hybrid selection to cloned cDNA, followed by translation in vitro and comparison of the products with virus-specific polypeptides synthesized in vivo. However, it is noteworthy that the 1.1 kb RNA has just sufficient coding capacity for a polypeptide of the size of TBSV capsid polypeptide.
Little is known about the synthesis of subgenomic ssRNA from positive-stranded RNA plant viruses. In the case of TBSV, the absence of dsRNAs of the same length indicates that it is unlikely that they are produced by end-to-end transcription of complementary negative strands. Of the subgenomic dsRNA, only species of 3.3 and 2.0 kbp are large enough to provide a template for the synthesis of the subgenomic ssRNAs. The function or origin of the smaller subgenomic dsRNA species in the virus replication cycle is obscure. Whatever their origin, dsRNA isolated from virus-infected plants has diagnostic value (Dawson & Dodds, 1982; Dodds & Bar-Joseph, 1983; Gildow et al., 1983; Morris et al., 1983) ; it will be interesting, therefore, to determine whether other tombusviruses generate dsRNA species similar to those isolated from TBSV-infected plants.
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